Avian infectious bronchitis (IB), caused by avian infectious bronchitis virus (IBV), is a worldwide endemic disease of chickens that affects all branches of the poultry industry. Multiple geno/serotypes occur, and low vaccine cross-protection results from the highly divergent IBV types. In view of the lack of consistent data on the economic losses caused by IB and the poor protection resulting from the use of the Massachusetts type as a live vaccine in Brazil, this survey aimed to estimate the losses per 1,000 birds in broiler and breeder flocks positive for IBV. Thirty-two different IBV genetic types were found.
Introduction

Avian coronavirus (avian infectious bronchitis virus [IBV] in chickens), the causative agent of avian infectious bronchitis (IB), is a
Gammacoronavirus that spreads by aerosol transmission and replicates in epithelial cells in the respiratory, reproductive and enteric tracts, and in the kidneys (1).
Consequently, IBV infection can have many clinical manifestations, such as delayed growth, decreased egg production, eggshell malformations and infertility, and it may lead to condemnation of a large number of carcasses in slaughterhouses (1) .
Infectious bronchitis is an OIE-listed disease that is globally recognised as one of the diseases of most concern because of its economic effects on commercial poultry production and its potential for negative effects on trade (2) However, no reliable data are available on the economic loss caused by IBV in Brazil.
Therefore, the aim of this survey was to estimate the economic losses in flocks of broilers (pre-slaughter) and breeders affected by IBV, and to determine the diversity of IBV types found in these birds.
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Materials and methods
Sample collection
From 2012 to 2014, 49 flocks of Cobb breeders, layers and broilers (Table I) 
Avian infectious bronchitis virus typing
The samples were tested using a nested reverse-transcription polymerase chain reaction (RT-PCR) targeting the 3ʹ untranslated region (UTR) of IBV (4) after total RNA extraction with TRIzol™ (Life Technologies), using M-MLV™ (Life Technologies) and GoTaq™ (Promega) for the cDNA synthesis and PCR steps, respectively, as per the manufacturers' instructions.
Positive samples were subjected to a nested PCR targeted to the partial amplification of the S1 subunit of the IBV spike gene 
Estimation of economic losses Broilers
Parameters
The parameters used for the estimation of economic losses in broiler flocks in this study were weight and mortality. Standard values for the Cobb 500 line were compared with parameters of the flocks sampled in the field. In this study, the cost considered when a broiler is delivered to a slaughterhouse was US$0.97 per kg. All the expected numbers for breeders and broilers were extracted from the Cobb
Handbook.
Economic loss
The number of dead birds during IB outbreaks was separated from the total number of dead birds as follows:
Total number of birds dead during IB outbreaks = Total number of dead birds -Number of birds dead due to expected mortality
The weight loss was estimated in two parts, according to the equations below:
Total weight (in kilograms) not delivered to the slaughterhouse due to broiler mortality during the IB outbreak = Total number of broilers dead during IB outbreaks × Expected weight per broiler to be delivered to the slaughterhouse (Cobb standard)
Total weight (in kilograms) not delivered to the slaughterhouse due to decreased weight gain of broilers during the IB outbreak = Total weight expected to be delivered to the slaughterhouse -Total real weight of broilers delivered to the slaughterhouse
The economic loss per 1,000 broilers was estimated in US$ according to the equation:
No . 
Economic loss
The first parameter analysed was the mortality due to IB, calculated for breeders according to Equation 1, above.
The cost of IB mortality was based on how many chicks a breeder failed to produce:
Cost of breeder mortality due to IB = Total number of birds dead during IB outbreaks per week × Expected number of chicks that should be produced until 65 weeks of age
Another factor that was analysed in this study was the decrease in egg production during the IB outbreak, considered from when an aboveexpected mortality rate was noticed until two weeks after the mortality rate was again considered normal.
Number of eggs (chicks) not produced due to IB = (Expected number of eggs -Observed number of eggs produced) × Standard hatching rate
The economic loss per 1,000 breeders in US$ was estimated according to the equation:
No. Owing to the lack of complete and/or reliable data from the field, the economic impact of IB was not estimated for layers.
Results
Avian infectious bronchitis virus typing
Thirty-two different IBV genetic types were found among the 49 flocks, each flock being positive for at least one genetic type ( Fig. 1 and Figure 1 , these 32 Brazilian genetic types showed the highest mean amino acid identity with D274 (75.6%, sd 1.6) and the lowest with Connecticut (61.7%, sd 1.1). When compared with Massachusetts, the amino acid identity was 68.4%, sd 1.8.
As the S1 segment used in this survey is not homologous to that used for the definition of the BR1, BR2, BR3 and BR4 genetic types, the definition of subtypes was not possible.
The most common of these genetic types was MSD/30, found in 14.3% of the flocks, in breeder and broiler samples of enteric content/caecal tonsils, respiratory tract, kidney and female reproductive tract. Most of the sequences (n = 24) were exclusive to a single flock (Table I) .
No. For the other flocks presented in Table I , the economic loss could not be estimated because of the lack of reliable data from the farms, including one of the two broiler farms shown in Table I .
Discussion
As shown in the present survey, there is a large number of genetic types of IBV in Brazil. This diversity has been previously reported in this country and all the genetic types described herein cluster in a well-established Brazilian geno/serotype which is spread all over the poultry-producing areas in the country (8, 9).
The core problem regarding the control of IB in Brazil is the fact that currently only live attenuated IB vaccines of the Massachusetts serotype are used. Given that such vaccines have already been shown to confer poor protection against the Brazilian types of IBV (10), the lack of vaccine protection allows the emergence of IBV types that can readily replicate in chickens and spread easily, causing disease in the affected birds.
The economic loss per 1,000 birds for all ages and bird types presented in Table II represents a great burden for the farmers because a consistent part of their profit is lost as a result of IB. It is of note that, for breeder flocks, these losses increase by 17% from the beginning (25 weeks) to the end (42 weeks) of the productive life of the birds, meaning that a cumulative effect is found.
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In the 48-day-old broilers, at the final stage of life, the losses are lower than those found for breeders (Table II) , but this is a biased comparison because a) the reproductive signs of IB are not manifested in broilers and b) the profit margin in broiler production is lower when compared with that for layers and breeders.
In an earlier study on the economic impact of IB in Brazilian poultry Despite the multiple occurrences of some of the IBV genetic types described herein and the economic losses in birds in which some of these genetic types were found, it was impossible to correlate differences in losses with given IBV genetic types. This is because the diversity within geno/serotypes is low, but the amount of crossprotection decreases with amino acid distance (12). Given the genetic distance of the IBV types described herein from the Massachusetts type, which is the only type of live IB vaccine allowed for vaccination in Brazil, in general these economic losses may be attributed to poor vaccine protection.
In conclusion, IBV causes a significant and measurable economic 
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